The Balescu-Lenard theory of plasma kinetic equation is reformulated in such a way that the resulting collision term now conserves the sum of the kinetic and potential energy to the first order in the plasma parameter. The new collision term is expressed in terms of the instantaneous values of the single-particle distribution function and its fi~st derivative in time. § I. Introduction
nonideal plasma along a similar line of approach. We thus calculate the collision term with inclusion of the effects of the interaction energy to the-first order in the plasma parameter. As any kinetic equation may indicate, the interaction between particles produces temporal variation or approach to equilibrium of a single-particle distribution function. By taking explicit account of such a temporal change of the distribution function in the calculation of the collision term, one should be able to include the effects of finite correlations in the collisional .processes. Mathematically, we note the existence of a time scale r such that 'rt~'r~'r2, where 'rt is the relaxation time for the single-particle distribution function and '!'2 is the characteristic time associated with evolution of the pair correlation function.
During the time interval r, the single-particle distribution changes by an amount proportional to r/r1, while we may stip regard the pair correlation function as having relaxed to its own equilibrium values. Inclusion of the effects to the first order in r/r1 thus enables us to express the collision term in terms of the singleparticle distribution functions and its time derivatives. The result so obtained no longer contains the time interval r explicitly. It will be shown that the collision term now conserves the sum of the kinetic and potential energies in the plasma. § 2. Mathematical formulation of the problem
We consider a spatially homogeneous system containing N identical particles of charge q and mass m in a volume V; n=N/V is the average number density.
We assume a smeared"out background of opposite charge such that the average space-charge field of the system vanishes. The first two equations of the BogoliubovBorn-Green-Kirkwood-Yvon (BBGKY) hierarchy for such a system read 6 l' 7 l 2_f(vt; t) = Jd2CV(1, 2)f2 (1, 2; t) at -"-+Vt· -+v2·-. ---CV(1, 2) --CV(2, 1) f2 (1, 2; t) [ a a a 1 .
Here, i= (ri, vi) represents the position and the velocity of the i-th particle; f,(1, ···, s; t) is the s-particle distribution function normalized so that
with f 0 =1; and CV(i,j) is a two-particle operator,
which represents the effects· of Coulomb interaction.
We find it convenient to introduce the pair and the ternary correlation functions along the line analogous to the Mayer cluster expansion. Thus,
Physically, these correlation functions represent the totally correlated parts of the respective distribution functions. Because of the presence of the neutralizing background, Eq. (1) now reduces to
at (6) Thus the principal problem in formulating a kinetic theory of the plasma is. to find an appropriate expression f(i)r the pair correlation function G (1, 2; t) in terms of the single-particle distribution function so that the resulting equation becomes a closed equation involving the single-particle distribution function alone. The expression for the pair correlation function is obtained from a solution of Eq. (2). In solving this equation, we assume that relative magnitudes of the correlation functions obey the ordering with respect to the plasma parameter, G(1,2;t) rvg\ f(vl; t)j(v2; t)
rvg2. f(vl; t)f(v2;t).f(vs; t) (7) (8) This assumption implies that the short-range effects at distances of the order of (nJ...n 2 ) -1 , the average distance of the closest approach, are neglected. As is well known, 8 l the short-range correlations begin to affect the calculation of the correlation energy of the plasma only in the second-order terms in the plasma parameter expansion, while the long-range correlations give rise to the first-order effects. Hence, as long as we limit ourselves to a consideration of the effects of the interaction energy to the first order in g, the assumptions of Eqs. (7) and (8), appropriate for long-range correlations, may be justified.
Substituting Eqs. ( 4) and (5) into Eq. (2) and retaining only the first order terms in the plasma parameter, we obtain A formal solution of this equation can be expressed as 9 
where
n and the propagator U(1, 1'; t, t') satisfies the-linearized Vlasov equation
with the initial condition
Our problem, formulated mathematically, is therefore to find a solution of Eq. (12) so that the pair correlation function, Eq. (10), may be expressed in terms of the single-particle distribution function; in the process of this solution, we must take into account the first-order effects of relaxation brought about by the particle interaction. § 3. Propagator
Since the function U(1, 1'; t, t') is determined from a solution of the linearized Vlasov equation, its characteristic time of evolution is the plasma time, 1/ Wp, where
is the plasma frequency. As Eq. (10) indicates, this function plays the part of a propagator and describes -the space-time developments of the pair correlation function. Hence, we may take r2::::::1/wp.
The rate of relaxation for the single-particle distribution function is characterized by . the time scale rh that is _Q_ f(v 1 ; t):::::: _ fCv1; t) -f(vl; oo) .
at rl
The relative magnitudes of these time scales are estimated to be r 2/ r1::::::g ~ 1;
we may thus choose a time scale, r = t -t', in such a way that (14)
We now wish to solve Eq. (10) in a power-series expansion with respect to the small parameter r/r1 ; we thus write
The function U 0 satisfies the equation with the initial condition (13). After a solution of this equation is obtained, the function U 1 may be determined from
These equations may be solved through the technique of Fourier-Laplace transformations. 10 l We thus find from Eq. (16)
where f (k, w, t) is the dielectric response function of the plasma defined by
The positive infinitesimals invglved in the imaginary parts of the denominators in Eqs. (19) and (20) serve as a reminder that the functions are calculated with the retarded boundary conditions.-Note that the single-particle distribution function and the dielectric response function contained in Eq. (19) are those evaluated at time t'; this time is different from time t at which ·the kinetic evolution of the distribution function is considered. In order to reduce the time variable from t' to t, we carry out the Taylor expansion of these functions around t.
To the first order in r/r~>-Eq. (19) may thus be written as -oo (w-k;vl +zO)(w-k·vr' + zO) E(k, w, t)
uko (vi> v{; t, t') = uk (O) (vl, v{; t, t') + Uk 01 (vi> v{; t, t')'
Equatio~ ( 
exp( -iwr) !_[k·_!__f(vl· t)/E(k w t)J

2nP -oo (w-k·vl+i0)(w-k·vr'+i0)8t 8v1
' ' ' + w/ Joo dw exp( -iwr) 2nk 2 -oo(w-k·v1+i0)E(k,(J),t)
x_!__[ E(k,co,t)_ !_(k·_!__f(vl;t)/E(k,w,t)\)J· 8w w-k·vl+zO 8t · 8v1
(24) Summation of Eqs. (23) and (24) yields that part of the propagator which is of the first order in r/rr,
vr, vr'; t, t') = Uk 01 (vr, vr'; t, t') + Uk 1 (vr, vr'; t, t')
_ w/ Joo dw exp( -iwi:) · 2nk 2 -oo(w-k·vl+iO)E(k,w,t)
x_!__[· E(k,w,t)_ !_.(k·_!__f(vl;t)/f(k,o),t))J.
(25)
Consequently, the expression for the propagator appropriate to the present problem is given by
_ § 4. Collision term
The collision term given by the right-hand side of Eq. (6) can be expressed in terms of the Fourier components of the propagator and the source function (11) 
G~~ (vh v2; t, t') = -iw/rk · [_J___-__ §___]_ §_ (f(vi; t)j(v2; t)).
(31) nk 2 ov1 ov2 ot .
We may similarly expand the collision term as
oj(v1;t)] = oj(v1;t)]'o) + oj(v1;t)](l)
.
With the aid of Eqs. (22) and (30), the zeroth order term may then be calculated as 10 ) 
This is the Balescu-Lenard collision term. 1 l' 2 l as Our new result arises from the first-order calculations; these may be obtained
Carrying out the integrations with respect to r and v 2, we find
Finally we obtain
. Conservation laws
We now wish to investigate the conservation properties associated with the kinetic equation with the new collision term (32). It is well known that the Balescu-Lenard collision term, Eq. (33), conserves the number density of the particles, the mean velocity, and the density of ki~etic energy. Written in mathematical terms, these properties derive from the calculations, 2 l
(36)
One can prove that Eq. (35) is generally satisfied by the collision term in the form of Eq. (6). We also note that (36) is a consequence of the uniformity of the system. For such a plasma, the collision term is written as
The function S(k) is the static structure factor of the plasma defined in terms of the statistical average of the fluctuating density field n (r, t) as
n Jv · 
Generally, the density of the interaction energy in the plasma is given by
To the lowest order in the plasma-parameter expansion, the structure factor of a nonequilibrium plasma may be calculated through the technique of superposing the dressed test partiCles ; 11 )' 12 ) one then obtains
It is now clear that Eq. ( 41) expresses the .conservation law of the sum of the kinetic and potential energies in the plasma. The collision term as given by Eq. (32) conserves the total energy of the plasma up to the first-order terms in the plasma parameter. § 6. Concluding remark
We have thus obtained a kinetic equation for a uniform plasma which conserves the total energy up to the first order in the plasma parameter. The collision term is now written in terms of the instantaneous values of the singleparticle distributi~n function aQd its first derivative in time. In particular, the additional term (34) is proportional to the time derivative of the single-particle distribution function. Combining this fact with Lenard's proof of the H theorem for the collision term (33), we can show likewise that Maxwellian distributions are the only stationary solutions of our kinetic equation. 
